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ABSTRACT 

The design of a conjugated polymer-based 
multilayered solar cell is presented. The device, 
comprised of layers of bulk heterojunctions, takes 
advantage of the diverse absorption 
characteristics of the materials involved to 
improve efficiency. 100nm layers of poly[2-
methoxy-5-(3′,7′-dimethyloctyloxy)-1-4-
phenylene vinylene]: phenyl C61-butyric acid 
methylester MDMO-PPV:PCBM (1:4), (poly-3-
hexylthiophene):phenyl C61-butyric acid 
methylester P3HT:PCBM (1:1) and poly[2,6-
(4,4-bis-(2-ethylhexyl)-4H-cyclopen[2,1-b;3,4-
b′]dithiophene)-alt-4,7-(2,1,3-benzothiadiazole)] 
PCPDTBT:PCBM (1:3), are designed to be 
connected using transparent cathodes of lithium 
fluoride/aluminum/gold LiF/Al/Au, which are 
compatible with PCBM LUMO. Studies on the 
effects of insertion of identical sub-cells, thermal, 
electrical and solvent annealing is also 
considered. 
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1 INTRODUCTION 
 
The use of conjugated polymers in solar cell 
applications has drawn a lot of attention as a way 
of bringing the high cost of electricity produced 
by inorganic solar cells to competitive levels. 
Different research groups have fabricated 
conjugated polymer solar cells which 
demonstrated efficiencies about 5%, mainly due 
to the limited characteristics of the materials, 
namely mobility and absorption coefficient [1]. 
Limited exciton, and free carriers, diffusion 
lengths on these materials have been the main 
reason for low efficiency. It has been established 

that excitons in conjugated polymers have a 
diffusion length of approximately 10nm. The 
nature of excitons requires that energy levels 
present at an interface be bigger than the binding 
energy of the exciton. In this regard, the use of 
heterostructure p-n junction carries significant 
improvement due to secure charge dissociation 
and transfer. To the lesser extent this advantage 
exists in a Donor-Acceptor (D/A) bulk polymer 
heterojunctions. Free carrier diffusion lengths 
keep the available thickness of the active layers 
limited to a 100-200nm range. However in such a 
thin layer the amount of light that can be 
absorbed by their polymer mixtures only amounts 
to 50% [2]. That reduces the device’s ultimate 
efficiency. 
  

2 TANDEM CONFIGURATION 
 
The search for low bandgap conjugated polymers 
has been a focus of intense research in the last 
couple of years. Processing limitations along with 
poor electrical characteristics left these materials 
with low efficiency for all solar cell applications. 
Unlike inorganic materials, conjugated polymers 
have a pronounced frequency dependant 
absorption characteristic. This makes a multilayer 
approach more suitable for design of cells with 
big absorption and at the same time generation of 
large amounts of charge. 
Selection of the right materials targets a coherent 
distribution of energy and absorption levels in the 
device. In tandem configuration, the generated 
current of the whole device is limited by the 
presence of its less productive layer [3]. It is the 
low mobility of that layer is of major concern. 
Several of the studies conducted with different 
donors in active layers have shown that lower 
bandgaps translate into higher photocurrents [4, 
5]. Therefore, in a tandem configuration, the 
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limiting current will most likely come from the 
biggest bandgap material.  
 

3 MATERIALS 
 
From the commercially available conjugated 
polymers, MDMO-PPV, P3HT and PCPDTBT 
with electrical bandgaps of 2.2, 1.9 and 1.46 
electron volts respectively have been extensively 
used in single layer bulk heterojunction solar 
cells. In the case of (1:4) mixture MDMO-
PPV:PCBM bulk heterojunctions have shown a 
short circuit current of about 8mA/cm2 [6], which 
is comparable to the 10mA/cm2 obtained, under 
similar circumstances (100mW/cm2), for (1:1) 
P3HT:PCBM heterojunctions  devices. The 
current of 16mA/cm2 has been obtained in 
devices using (1:3) PCPDTBT:PCBM mixtures 
[7]. Therefore, any tandem configuration 
considering these 3 layers, will have the current 
generated in the PCPDTBT:PCBM layer limited 
to a percentage of its potential value, reducing the 
expectations of efficiency values as reported for a 
single layer devices of that mixture. 
To ensure a proper utilization of the available 
light, in tandem configurations, efficient 
transparent cathodes are needed. Shrotriya [8] 
demonstrated that LiF/Al/Au transparent 
cathodes can be used for tandem configurations 
allowing a high percentage of light, at most of the 
sun’s spectra frequencies, to be transmitted to 
subsequent layers. These cathodes provide energy 
levels compatible with PCBM, the most used 
acceptor in bulk heterojunctions. Employing 
semitransparent cathodes, allows to build 
individual cells with diverse active layers. From 
the standpoint of processing methods the best 
suggestion is to bring the layers together after 
each of them had polymerized. 
As far as doping is concerned, the principal 
acceptor used in conjugated polymer solar cells is 
the fullerene PCBM. Its low electron acceptance 
time, LUMO-HOMO levels and its positive effect 
on the donor’s hole mobility [9], makes PCBM a 
perfect candidate for charge dissociation and 
collection. Within the PCBM family, [60] PCBM 
is selected, due to the superior qualities shown 
when in D/A mixtures [10].  

 
4 DESIGN 

 
After intense analysis of the literature we came to 
the conclusion that the solar cell with higher 
efficiency should carry 3 layers which were 
carefully selected by our group. We also took into 
account the complexity of the synthesis of these 
materials in attempt to optimize the cost of the 
final product. 
Due to the current limitation presented by 
PCBM:MDMO-PPV layers, the goal of this 
design is to obtain at least 9mA/cm2 of short 
circuit current density on all our layers. For this, 
the concentration of PCBM and thickness of the 
active layer need to be chosen accordingly. 
Dennler [11] showed that increasing the PCBM 
concentration in the mixture of PCBM:MDMO-
PPV increases dramatically the mobility of free 
carriers. However, when PCBM concentrations 
go over 90%, morphology problems arise, 
limiting not only mobility [12] but absorption 
properties as well [13]. Also, as Hoppe 
demonstrated [2], MDMO-PPV:PCBM active 
layers yield to better internal quantum efficiency 
when limited to a 100nm thickness. In an 
analogous way, P3HT:PCBM mixtures showed a 
better quantum efficiency when in (1:1) ratio [14] 
with optimal thickness, for a 10mA/cm2 density 
current, between 76 and 84nm [15]. Similarly, 
PCPDTBT:PCBM layers have shown current 
densities of 9.2mA/cm2, with a required thickness 
of less than 130nm [16] 
Therefore, the active layer portion of the design 
has been chosen as follow:  
 

• Front Cell: MDMO-PPV:PCBM (1:4) 
100nm 

• Middle Cell: P3HT:PCBM (1:1) 100nm 
• Bottom Cell: PCPDTBT:PCBM (1:3) 

100nm 
 

When it comes to electrodes, it has been shown 
that, for anodes, the thickness of a PEDOT:PSS 
layer on an ITO/ PEDOT:PSS arrangement, has 
no real impact on the overall efficiency [17]. For 
cathodes, the need to transmit light through the 
electrode to the subsequent layers, requires 
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transparent materials. LiF(1nm)/Al(2.5nm)/Au 
(12.5nm) cathodes have been used successfully, 
showing higher levels of transparency when 
compared to regular semitransparent electrodes 
[7].  
  

• Anodes:  ITO/PEDOT:PSS 
• Middle Cathodes: LiF(1nm)/Al(2.5nm) 

/Au(12.5nm) 
• Bottom Cathode LiF/Al 
 

Figure 1, shows the physical structure of the solar 
cell and the arrangement of layers from the top to 
the bottom. 
 

 
 

Figure 1: Schematic diagram of the proposed 
design. 

 
5 FABRICATION 

 
The use of transparent cathodes allows a simpler 
fabrication process. Under these conditions, each 
layer can be processed separately, avoiding the 
potential damage to other layers by the solvents 
used.  This not only allows a better post-
treatment, as thermal and electrical annealing, but 
also allows the use of solvent annealing. The 
annealing of solvent is expected to improve the 
design structure of the materials after 
polymerization [18]. The use of chlorobenzene as 
a solvent for the PCBM:MDMO-PPV and 
P3HT:PCBM layers processing, has shown better 
short circuit current densities, maintaining the 
open circuit voltage, leading to better efficiencies 
[19-20]. The addition of 2.5 % of alkanedithiols 
(octanedithiol) to chlorobenzene has shown 
improvement on the fill factor for 
PCPDTBT:PCBM layers, providing a shift of 
absorption of the mixture to the NIR part of the 
spectra. Analysis of the effect of these additives 
will be conducted on the PCBM:MDMO-PPV 
and P3HT:PCBM layers to evaluate its effect on 
the overall efficiency. 
 

6 CONCLUSION 
 
The design of a novel tandem solar cell has been 
presented. The frequency dependant absorption 
characteristics of all three layers in our design are 
complimentary each to the other. In addition, 
these materials are commercially available. The 
use of transparent cathodes with transparency 
levels of 70% on most of the frequency spectra, 
allowed the design with multiple layers. Based on 
the reported performance [8] of the individual 
layers and the cathodes transparency 
characteristics, we predict that our design should 
have at least 6-7% efficiency. Electrical, thermal 
and solvent annealing will be also conducted. In 
our future work we plan to redesign the existing 
cell. For each of the three layers we would add a 
second layer of the same material properties back 
to back but separated by transparent contacts. 
This structure will allow to increase absorption of 
light of every given part of the light spectrum. So 
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at the end, the thickness of each layer would be 
doubled and the total sandwich will comprise of 
six polymer layers. The implementation and 
production of the novel design will be our next 
step as well. 
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